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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method to stabilize a metal complex hydride water 
solution and to be able to prevent sufficiently hydrogen generation from the water solution under the 
state of noncontacting with a catalyst. 

SOLUTION: The method is to stabilize the metal complex hydride water solution by adding an alkali. 
Concerning the characteristics of the method, the content of the metal complex hydride in the water 
solution is 30 wt.% or more and that of the alkali is 2.5 wt.% or more. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The stabilization approach of the complex-metal-hydride water solution 
characterized by being the approach of making the water solution of complex 
metal hydride adding and stabilizing alkali, and making the content of the 
complex metal hydride in this water solution into 30 % of the weight or more, and 
making the content of alkali into 2.5 % of the weight or more. 
[Claim 2] The stabilization approach of the complex-metal-hydride water solution 
according to claim 1 characterized by setting the ratio (weight ratio) of the 
content of the water to the content of the complex metal hydride in said water 
solution to 0.5-2.22. 

[Claim 3] The stabilization approach of the complex-metal-hydride water solution 
according to claim 1 or 2 characterized by said alkali being a sodium hydroxide 
or a potassium hydroxide. 
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DETAILED DESCRIPTION 



[Detailed 



Description 



of the Invention] 



[0001] 

[Field of the Invention] This invention relates to the approach of stabilizing the 
water solution of complex metal hydride. 

[0002] 

[Description of the Prior Art] In modern society, hydrogen is an important 
chemistry raw material used for synthetic chemistry industry, petroleum refining, 
etc. so much. On the other hand, in order to solve the energy problems and the 
environmental problem in the future, it is thought that the hydrogen use 
technique as clean energy occupies an important location, hydrogen is stored, 
and development of the fuel cell which works considering it as a fuel is furthered. 
[0003] This fuel cell is a cell which operates by gas, and transforms into direct 
electrical energy the energy obtained from the reaction of hydrogen and oxygen 
in that case. Since such a fuel cell has very high effectiveness compared with 
the conventional combustion engine, the automobile which has a fuel cell is 
called ZEV (Zero Emission Vehicle). 

[0004] The approach of compressing and on the other hand, storing in a bomb 
as preservation of hydrogen, the approach of cooling and making it into liquid 
hydrogen, the method of making it stick to activated carbon, and the method of 



using a hydrogen storing metal alloy are proposed. The hydrogen storing metal 
alloy is considered to play main roles by migration media, such as a fuel cell 
powered vehicle, in these approaches. However, although it is an alloy, when 
degradation (the pulverization of an alloy and structural change) by the weight 
(the amount of occlusion per unit weight is small) of a reason and the repeat of 
occlusion emission and a rare metal are included also about a hydrogen storing 
metal alloy, the technical problem which should be conquered has much the 
resource reservation etc. 

[0005] Then, it is the approach attracting attention in recent years makes the 
rock salt mold alkali hydride (sodium hydride) proposed from the power ball 
company hydrolyze, and it generates hydrogen. Since sodium hydride will react 
violently and will generate hydrogen if it contacts water, the coat of the sodium 
hydride is carried out by the resin coat, and hydrogen is generated by cutting this 
coat. However, the amount of hydrogen which can be generated from sodium 
hydride is a maximum of 8.8 % of the weight (per 1g of sodium hydride), and had 
the problem that energy density was not necessarily enough to consider as the 
fuel for a fuel cell powered vehicle. Moreover, the rock salt mold alkali hydride 
had become a problem also from the field of safety, in order to react violently, if 



water is contacted. 

[0006] Under such a background, the hydrogenation boron sodium which is 
water-soluble complex metal hydride as a new hydrogen generation source has 
attracted attention, hydrolysis reaction [ of the following / sodium / hydrogenation 
boron ]: -- NaBH -- hydrogen occurs according to 4+2H2 0->NaB02+4H2 grade. 
And the amount of hydrogen which can be generated from hydrogenation boron 
sodium is a maximum of 21.3 % of the weight (per 1g of sodium borohydrides), 
and since a hydrogen yield becomes more than twice compared with the 
approach using the above-mentioned sodium hydride, the energy density 
required of a fuel cell powered vehicle will be satisfied. It is known that hydrolysis 
of such hydrogenation boron sodium will be promoted under existence of a 
catalyst. "An ultrasafe hydrogen generatonaqueous and alkaline To borohydride 
solutionsand Ru catalyst", S.C.Amendola et al., Journal of Power Sources, 
vol.85, and p. 186-1 89 (2000) The method of contacting a ruthenium system 
catalyst in NaBH4 and the hydrogenation boron sodium water solution which 
contains NaOH 10% 20%, and generating hydrogen is indicated. 
[0007] 

[Problem(s) to be Solved by the Invention] However, in the generating approach 



of the hydrogen using the water solution of such conventional complex metal 
hydride, a small amount of hydrogen occurred also in the condition of not 
contacting this water solution for a catalyst, and there was a problem in the point 
that control of hydrogen generating by the existence of contact for a catalyst is 
difficult. 

[0008] This invention is made in view of the technical problem which the 
above-mentioned conventional technique has, makes the water solution of 
complex metal hydride stabilize, and aims at offering the approach of fully 
preventing generating of the hydrogen from the water solution in the condition 
(henceforth [ with a case ] a "catalyst non-contact condition") of not being in 
contact with a catalyst. 

[0009] 

[Means for Solving the Problem] As a result of repeating research 
wholeheartedly that the above-mentioned purpose should be attained, this 
invention persons make the content of the complex metal hydride in the water 
solution of complex metal hydride 30 % of the weight or more, and came to 
complete a header and this invention for it becoming possible to fully stabilize a 
complex-metal-hydride water solution by adding alkali so that it may become 



2.5% of the weight or more of a content further there. 
[0010] That is, the stabilization approach of the complex-metal-hydride water 
solution of this invention is an approach of making the water solution of complex 
metal hydride adding and stabilizing alkali, and is an approach characterized by 
making the content of the complex metal hydride in this water solution into 30 % 
of the weight or more, and making the content of alkali into 2.5 % of the weight or 
more. 

[0011] In the stabilization approach of the complex-metal-hydride water solution 
of this invention, the water solution of complex metal hydride is stabilized and 
generating of the hydrogen from the water solution is fully prevented in the 
condition of not being in contact with a catalyst. Thus, although the reason the 
water solution of complex metal hydride is stabilized is not certain The amount of 
protons (H+) in the water solution decreases by adding alkali in the water 
solution of complex metal hydride, furthermore, from the content of water 
decreasing relatively by making high concentration of the complex metal hydride 
in a water solution, and adding alkali The underwater amount of protons which 
reacts with H- in complex metal hydride in said hydrolysis reaction, and can 
serve as hydrogen decreased, and this invention persons think that generating 



of the hydrogen in a catalyst non-contact condition is fully controlled. 
[0012] Moreover, in the stabilization approach of the complex-metal-hydride 
water solution of this invention, it is desirable to set the ratio (content of the 
content/complex metal hydride of water) (weight ratio) of the content of the water 
to the content of the complex metal hydride in said water solution to 0.5-2.22. In 
case this ratio contacts this water solution for a catalyst and generates hydrogen 
under at the above-mentioned minimum, there is little water contributed to 
hydrolysis, and it is in the inclination for sufficient hydrogen yield not to be 
attained. On the other hand, when this ratio exceeds the above-mentioned upper 
limit, it is in the inclination for generating of the hydrogen in the condition of not 
contacting this water solution for a catalyst not to fully be prevented. 
[0013] Furthermore, in the stabilization approach of the complex-metal-hydride 
water solution of this invention, it is desirable that said alkali is a sodium 
hydroxide or a potassium hydroxide. If such a strong base is used, the amount of 
H- in a complex-metal-hydride water solution decreases more efficiently, and the 
inclination controlled more certainly has generating of the hydrogen in a catalyst 
non-contact condition. 
[0014] 



[Embodiment of the Invention] Hereafter, the suitable operation gestalt of the 
stabilization approach of the complex-metal-hydride water solution of this 
invention is explained to a detail. 

[0015] In the stabilization approach of the complex-metal-hydride water solution 
of this invention, the content of the complex metal hydride in the water solution of 
complex metal hydride is made into 30 % of the weight or more, and alkali is 
added so that it may become 2.5% of the weight or more of a content further 
there. The water solution of complex metal hydride is fully stabilized by it, and 
generating of the hydrogen from the water solution is fully prevented in the 
condition of not being in contact with a catalyst. 
[0016] As such complex metal hydride, the content of hydrogen is high, and 
since hydrogen is efficiently generated when a catalyst is made to contact, 
NaBH4, NaAIH4, LiBH4, LiAIH4, KBH4, KAIH4, Mg (BH4)2, calcium (BH4)2, Ba 
(BH4)2, Sr (BH4)2, and Fe (BH4)2 are desirable. This complex metal hydride 
may be used by the single class, and may be used combining two or more kinds. 
In addition, NaBH4 has comparatively low reactivity with the water of itself at low 
cost, and since the geometric capacity of hydrogen generating is as high as 
21.3wt(s)%, as complex metal hydride, NaBH4 is more desirable [ NaBH ]. 



[0017] Moreover, as alkali concerning this invention, strong bases, such as a 
sodium hydroxide, a potassium hydroxide, a calcium hydroxide, a magnesium 
hydroxide, meta-way acid sodium, ammonium hydroxide, and a barium 
hydroxide, are used suitably, and a sodium hydroxide and a potassium 
hydroxide are more desirable especially. If such alkali is used, the amount of H- 
in a complex-metal-hydride water solution decreases more efficiently, and the 
inclination controlled more certainly has generating of the hydrogen in a catalyst 
non-contact condition. In addition, such alkali may be used only by the single 
class and may be used combining two or more kinds. 
[0018] And in the stabilization approach of the complex-metal-hydride water 
solution of this invention, it is more desirable for it to be necessary to make the 
content of the complex metal hydride in the water solution of complex metal 
hydride into 30 % of the weight or more, and to consider as 30 - 50 % of the 
weight. If generating of the hydrogen in the condition of not contacting the water 
solution for a catalyst is not fully prevented but exceeds another side and 50 % 
of the weight, even if the content of complex metal hydride adds alkali at less 
than 30 % of the weight, in case it will contact the water solution for a catalyst 
and hydrogen will be generated, there is little water contributed to hydrolysis, 



and it is in the inclination for sufficient hydrogen yield not to be attained. In 
addition, when the solubility to the water of the complex metal hydride to be used 
is lower than the above-mentioned upper limit, as for the content of complex 
metal hydride, it is desirable that it is lower than the solubility. 
[0019] Moreover, in this invention, it is more desirable for it to be necessary to 
make the content of the alkali in the water solution of complex metal hydride into 
2.5 % of the weight or more, and to consider as 2.5 - 35 % of the weight. If 
generating of the hydrogen in the condition that the content of alkali is not 
contacting the water solution for a catalyst at less than 2.5 % of the weight is not 
fully prevented but exceeds another side and 35 % of the weight, in case it will 
contact the water solution for a catalyst and hydrogen will be generated, there is 
little water contributed to hydrolysis, and it is in the inclination for sufficient 
hydrogen yield not to be attained. In addition, when the solubility to the water of 
the alkali to be used is lower than the above-mentioned upper limit, as for the 
content of alkali, it is desirable that it is lower than the solubility. 
[0020] Furthermore, in this invention, it is more desirable to make the content of 
the water in the water solution of complex metal hydride into 35 - 67 % of the 
weight. If the content of water exceeds 67 % of the weight, generating of the 



hydrogen in the condition of not contacting the water solution for a catalyst will 
not fully be prevented, but at another side and less than 35 % of the weight, in 
case the water solution is contacted for a catalyst and hydrogen is generated, 
there is little water contributed to hydrolysis, and it is in the inclination for 
sufficient hydrogen yield not to be attained. 

[0021] Moreover, in this invention, it is desirable to set the ratio (content of the 
content/complex metal hydride of water) (weight ratio) of the content of the water 
to the content of the complex metal hydride in a complex-metal-hydride water 
solution to 0.5-2.22. In case this ratio contacts this water solution for a catalyst 
less than by 0.5 and generates hydrogen, there is little water contributed to 
hydrolysis, and it is in the inclination for sufficient hydrogen yield not to be 
attained, and is in the inclination for generating of the hydrogen in the condition 
of not contacting another side and the water solution which exceeds 2.22 or is 
cut for a catalyst not to fully be prevented. 
[0022] In the stabilization approach of the complex-metal-hydride water solution 
of this invention, although generating of the hydrogen from the water solution is 
fully prevented in the condition that the water solution is stabilized and it is not in 
contact with a catalyst by adding the alkali of the amount used as the 



above-mentioned content in the water solution containing the complex metal 
hydride of the amount used as the above-mentioned content, as for the 
temperature of the water solution in that case, it is desirable that it is 50 degrees 
C or less. If the temperature of a water solution is 50 degrees C or less, it is in 
the inclination for generating of the hydrogen from the water solution to be 
prevented more certainly. Moreover, in case a complex-metal-hydride water 
solution is maintained to stability, components other than the above-mentioned 
complex-metal-hydride water solution and alkali may contain, and as such a 
component, inactive gas (nitrogen, C02, Ar, etc.) is mentioned to a reaction. 
[0023] In addition, according to the stabilization approach of above-mentioned 
this invention, become possible to maintain a complex-metal-hydride water 
solution covering [ for 100 hours ] the condition of having fully prevented 
generating of stability, i.e., hydrogen, to super-flume ******** ? but By not being 
restricted, for example, contacting the above-mentioned complex-metal-hydride 
water solution for a catalyst, complex metal hydride is hydrolyzed and especially 
the method of generating hydrogen from the complex-metal-hydride water 
solution can generate the hydrogen of an amount enough. 
[0024] As a metal halogenide which the hydrogen generating catalyst which 



consists of the hydrogen generating catalyst and (ii) noble metals which consist 
of a (i) metal halogenide, a metallic oxide, or a carbonaceous ingredient as such 
a catalyst is preferably used, and requires it for the catalyst of (i), metal chlorides, 
such as a cobalt chloride, a nickel chloride, and ruthenium chloride, are more 
desirable. 

[0025] As a metallic oxide concerning the catalyst of (ii), moreover, a ****** 
element (Pt, Pd, Rh, Ru, Au, etc.), a base-metal element (Y, La, Ce, and Pr --) 
Nd, Eu, Gd, Tb, and Dy, Ho, Er, Tm, Yb, Lu, calcium, Mg, aluminum, K, Ti, Cr, 
Mn, Fe, Co, nickel, Cu, Ga, Rb, Sr, Zr, Nb, Mo, In, Sn, Cs, Ba, Ta, W, etc., The 
independent oxide or multiple oxide of metalloid elements (Si, germanium, As, 
Sb, etc.) is mentioned. Titanium oxide, nickel oxide, cerium oxide, a zeolite, an 
alumina, a zirconia, silicon oxide, ferrous oxide, manganese oxide, cobalt oxide, 
a zinc oxide, and copper oxide are desirable especially. Furthermore, it is more 
desirable that it is the compound metallic oxide which contains a lithium as such 
a metallic oxide, and especially lithium content compound metallic oxides, such 
as a cobalt acid lithium (LiCo02), a nickel acid lithium (LiNi02), a manganic acid 
lithium (LiMn02, LiMn 204), a vanadium acid lithium (LiV02, LiV 204), and a 
chromic-acid lithium (LiCr02), are desirable. Moreover, as a carbonaceous 



ingredient concerning the catalyst of (ii), activated carbon, a graphite, an activity 
char, corks, hard carbon (difficulty graphitized carbon), and soft carbon (easily 
graphitized carbon) are desirable. Furthermore, as noble metals concerning the 
catalyst of (ii), Pt, Pd, Rh, Ru, Ir, Os, Au, and Ag are mentioned, and platinum 
group metals (Pt, Pd, Rh, Ru, Ir, Os) are desirable especially. By making such 
noble metals coexist with said metallic oxide or a carbonaceous ingredient, and 
using it as a catalyst, hydrolysis of complex metal hydride advances more 
efficiently according to the synergistic effect with the catalysis of the catalysis of 
noble metals, said metallic oxide, or a carbonaceous ingredient, and it is in the 
inclination whose hydrogen yield improves more. 

[0026] In addition, although that with which both also mixed the thing which 
made the support support noble metals by making a metallic oxide or a 
carbonaceous ingredient into support is sufficient as the gestalt of coexistence 
with the aforementioned noble metals, a metallic oxide, or a carbonaceous 
ingredient, since former one is in the inclination for catalytic activity to become 
higher, it is desirable, and is desirable. [ of especially the thing that made the 
support which consists of a lithium content compound metallic oxide especially 
support noble metals ] Moreover, since noble metals have the above-mentioned 



support in the inclination as for which catalytic activity becomes it higher that it is 
a particle with a mean particle diameter of 100nm or less by the particle with a 
mean particle diameter of 1000 micrometers or less, it is desirable. Furthermore, 
as for the content of the noble metals in the above-mentioned catalyst, it is 
desirable that it is 0.01 - 20 % of the weight on the basis of the total weight of a 
catalyst, and it is more desirable that it is 0.5 - 5 % of the weight. The content of 
noble metals is in the inclination for a catalysis with noble metals not to fully be 
obtained, at less than 0.01 % of the weight. In addition, especially a limit does 
not have the configuration of the above-mentioned catalyst, and it can choose 
configurations, such as the shape of powder, a pellet type, and a monolith, 
tabular, and fibrous, according to a service condition. 
[0027] Moreover, especially the method of making noble metals live together into 
the above-mentioned metallic oxide or a carbonaceous ingredient is not 
restricted, for example, noble metals and/or a noble-metals precursor (the 
halogenide of noble metals, and a nitrate --) Although it is possible to make the 
support which consists of the above-mentioned metallic oxide or a 
carbonaceous ingredient using a carbonate, acetylacetonato, a tetra-ammine 
salt, an alkoxide, etc. by techniques, such as the so-called sinking-in method, a 



precipitation method, the kneading method, and an ion-exchange method, 
support noble metals, and to acquire a catalyst It is desirable to acquire a 
catalyst by the supercritical method using the supercritical fluid of a publication in 
the international public presentation number WO 99/No. 10167 official report, a 
detailed grain size of [ by using supercritical fluid, such as a carbon dioxide, ] 
10nm or less (especially preferably 1nm or less) in noble metals -- and since 
distributed support is carried out as a noble-metals simple substance at support, 
it is in the inclination a hydrogen generating rate and whose hydrogen yield 
whose catalytic activity improves more and improve more notably by it. 
Furthermore, after making support support noble metals and/or a noble-metals 
precursor as mentioned above, it is desirable to perform reduction processing in 
baking processing in nitrogen or air and/or hydrogen, a carbon monoxide, or a 
hydrocarbons (methane, acetaldehyde, etc.) content ambient atmosphere if 
needed. Although especially the conditions of such baking processing and 
reduction processing are not restricted, the conditions of heating, for example at 
the temperature of 350-1000 degrees C for 1 to 10 hours are adopted. 
[0028] In the system of reaction which generates hydrogen from a 
complex-metal-hydride water solution, the above-mentioned 



complex-metal-hydride water solution and components other than a catalyst 
may contain, and inactive gas (nitrogen, C02, Ar, etc.) is mentioned to a 
reaction as such a component at it. Moreover, it is desirable to make inorganic 
acids, such as organic acids, such as an acetic acid, oxalic acid, carbonic acid, 
and a lactic acid, and a hydrochloric acid, a sulfuric acid, a nitric acid, a sulfurous 
acid, a hydrogen sulfide, phosphoric acid, contain, in case hydrogen is 
generated, and to add a lot of acids than the alkali in a water solution in that case. 
It is better to eliminate if possible, since it is in the inclination for the hydrogen 
generated on the other hand when oxygen existed to become easy to burn. 
[0029] Although especially the reaction condition at the time of generating 
hydrogen from a complex-metal-hydride water solution is not restricted, 0-200 
degrees C of temperature are desirable, and it is more desirable. [ of 10-80 
degrees C ] When reaction temperature is lower than 0 degree C, it is in the 
inclination for water to be frozen and for a hydrogen generating rate to fall, and 
when higher than another side and 200 degrees C, even if it is under a 
pressurization condition, it is in the inclination for the generating rate of hydrogen 
to fall that water tends to become a steam. 
[0030] 



[Example] Hereafter, although this invention is more concretely explained based 
on an example and the example of a comparison, this invention is not limited to 
the following examples. 

[0031] After putting in an Erlenmeyer flask with a capacity of 100ml 5ml of 
complex-metal-hydride water solutions of the presentation shown in one to 
examples 1-7 and example of comparison 5 table 1, the hydrogen yield in the 
meantime was calculated from water surface change of scalpel view let [ in / time 
amount maintenance is carried out and / the gas analyser made from the 
Shibata science (bar code: 6071-4) ] to which it is similarly shown in Table 1 at 
the temperature shown in Table 1. The hydrogen yield obtained by 
measurement is shown in Table 1. 

[0032] 

[Table 1] 



[0033] Even if it was under the temperature condition of 50 degrees C, according 
to the stabilization approach of the complex-metal-hydride water solution of this 
invention which makes the content of complex metal hydride 30 % of the weight 
or more, and makes the content of alkali 2.5 % of the weight or more, it was 
checked that generating of hydrogen is certainly prevented over 100 hours so 
that clearly from the result shown in Table 1. 
[0034] 

[Effect of the Invention] As explained above, according to the stabilization 
approach of the complex-metal-hydride water solution of this invention, it 



enables the water solution of complex metal hydride to fully prevent generating 
of the hydrogen from the water solution in the condition of not being in contact 
with a catalyst. Therefore, the stabilization approach of the 
complex-metal-hydride water solution of this invention is very useful when 
controlling hydrogen generating by the existence of contact for a catalyst, in 
case complex metal hydride is used as a hydrogen source of supply of a fuel cell. 
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©g£{fc7?r£«, §f£M7j<ig{tti©7j<7§r»;:77^ y « 

M7j<lfMl©^iM£3 ol»%JK±i:U fro, 77^ 



(3) 



[ooii] ^mmmmmmTmm^mt^ 
x-Dx^cDymim^yvihy (h + ) mtwpL, m 

U fcittrrs c <fc oTfflftftte#©^r*t>i*4>* 
[0012] $/c, *^®^B7jcmffc ! ltektS«©S 

SftMtls^Ttt MfH7j<?§l^©i^M7j<^{^© 

st*fc*rr**©^!*©j#£ (7j<©^s/i^M 

*JRft»O^W») (MJt) #0. 5-2. 2 2^t 
S7j<^©%^+^HcP77ih$ti^vMS^^feSo 

[0 0 13] Hfc, *^©ig^S7j<^{fct)7j<?f«©75 

mr^x u t ti«\ in^M7j<^{^7j<?f ?ot© h 

[0 0 14] 30 

[0015] ^mmmmymmymimmit^ 

$fr£©7j<ig©|g£^+#fc|^lh£tl3o 40 
[0 0 16] C©£?%§MS7j<fg{^Lm 7j<fg 

^JtlSC^^NaBIK NaAlH 4 N L1BH4 . LiAlIK KB 
IK KA1H4, Mg(BH 4 ) 2 . Ca(BH 4 ) 2 . Ba(BH 4 ) 2 . Sr(BH4 ) 2 

jt«ftffi< > 7]<^^©a^M^2i .3it%*:fiv 

\t\ 50 
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[0 0 17] %Tc, JgffiitCfrfrZrA'tlV tLTlt, 
A, fcafcv?**'^ **K3»*hy*.k 7]<^ 

{try^^h, 7m^)^hm<jmriwmwM. 

&S7j<ig{btf7j<?M*©H~ ©ttbU D?tM< 

U ft^S#fgft*mi^fe^S7j<^©^^i: DSI^^W 

iw*ns<iiRiK»So c©<fc^3S:r;i/*y^ ¥ 
[00 1 8] f *^oig^a*m{fc»*}S*© 



wmm^mm 3 0 



3 0~5 0SS%^tSi 

M#*fc&©#Wtf 3 0 ss%*it«77^ y £i£ 

to LT & ^©7jc^l^ftf!^tcg|ftf!$-&TV^V^fCfe 
tf§7j<ft©5^+^eP;Sj££tl1\ flfcfr, 5 0SS% 

[0 0 19] $/c, *J»*5^TH:, §i5tM7i<^tt) 

©7j<M «^©7;P* U©^M* 2 . 5SS%J^±^T 

s^^sD, 2. 5-3 5mm%tt%cttf£K>tt 

IU\ 77^y©-tWS^2. 5SS%*lTti^© 

7j<MS^S fgftS? *T l^^mi fc It « 7j<^©% 

/ 7>«p^4ts7j<^^< , -fftt&mmmmm 

[0 0 2 0] Ht, *^tfe^T«, M5tM7j<^t) 
©7j<?§?ft^©7j<©'tltS^ 35-67 mm%tt%Z.t 
W^IU\ 7j<©ttitS^6 7SS%^S^S^^- 
©7j<?fl^Sfi:fgft^ti:TV^^mitfe^S7i<^© 

3 5ll%*lT'}if 

©7j<?§ mmmimM* ^rymzmiz ■& s bs k » 

[0 0 2 1] *^tfe^T«, S^S7jC^b% 

©^b* (7j<©^tl/if^S7j<^{bti©^») (11 

it) ^0. 5-2. 2 2 ttZZtm^ L^ 0 C<0it 

m^o. 5 ^mvm^7i<mm^Mmimm^r7i<. 
mm^z^xm7\<ftmicmt%7i<m%<, + 



(4) 

5 

2 2 t&&&ft^%f0^ffl&Z4tXV%;V 

-So 

[0022] ^mmgmymmymmmit^ 

tf-f-#K:K»ih*ns*k ^OBROTf^StOiaSEtt 5 0°C 
ETF£&3 C 2:tfgF£ LV\ 7j<?§?ft©Sfi^ 5 0 °CKT 10 

ih*n*£iRifc&*o $/c, ®mim\mimm% 

i]V£M<D}$ l fttf%tl2ftX^X*>&<, c©i?;feJt 
fttLXlZEfolL^mfiT, C0 2 , Ai#) & 

[0 0 2 3] ftfe ±|H*^©^fb75-/£t Mm 

« , ±IHilf^)S7i<^fbti7i<^«^ft^Stfgft^-&s c t tc 
<fc o Tig^JS*Hf tMD7j<^S2 ti, -f/}S©7j<ig£ 

[0 0 2 4] C(D£ommtLXte, (i) &JgAP 
y>W^*S7jc*^Wl^ (ii) »&S£&Sg& 

tefflstu (i) (mufcfrfrz&mw'fyitvatL 
&mmtVBtf&*)mi\<\ 30 

[0 0 2 5] (ii) ©ft»^§i-MiK^ 

LXimmiiM (Pt, Pd, Rh, Ru, AuiO , #&Stc 
IK (Y, La, Ce, Pr, Nd, Eu, Gd, Tb, Dy, Ho, Er, Tin, 
Yb,Lu, Ca, Mg, Al, K, Ti, Cr, Mn, Fe, Co, Ni, Cu, 
Ga, Rb, Sr, Zr, Nb, Mo, In, Sn, Cs, Ba, Ta, f 

m , tttruvm (si, Ge, as, m) mmit 
rnxm^mmtrnf^n, qxmiti-fy, mt 

«ft^-r*^ mm, mc?yfly, mcw% 

mmmt Lxm^h^mm^mmm 

X$>%>Cttf&r)tt%l<, (LiCo 
Q») N --y^/E#y^A (L1N1O2 ) , vytfyWM?- 
7h (LilMk LiMn 2 0 4 ) , )\f*JyW}) t f-' f J k (LiV 
(k L 1V2 04 ) , iWLMVttJ* (LiCrft) ^©0^ 
A^i££SiKttl«^?3:U\, $7c, (ii) © 

(ii) ©Mc^^§t^S^tT«Pt,Pd,Rh,Ru,Ir,0 50 
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s.Au.AgfcWSfU ffn?t>fi&£7n^ (Pt,Pd,Rh,Ru,I 

r.os) tf#su\, ^koKW^m^m^mmim 
xmmmm t m^xmm tixmtzctic 
<t d , nmrnmimmmmmmxizmm 
mmmm t mm^m^ <t ? Ti^-^jtitti©^ 

D»*^<lff U #*38£*tf <fc f 

[0 0 2 6] MIB©M^M^idSi^X«gci§ 
M#^©4±#©Mi, ^BIMX^ftflTOS. 
?M{* £ LT^©fift{ct^S^S^ L&fc t> ©T* & , 

mm^ Ltc$>mx$>^i)\ moymmmm 

1 0 0 0 /x mJKT©tfiff ¥i§tfcti 1 0 0 n m 

KT©»)7?Tfe3 k Ittji^aU !>i*< fcSfcfifc 
U\ Hk ±!2ftWitf©Jt^Ji©*t* 
tk ft^S©^SS^S'ip(;: LT 0 . 0 1-20 gM%7* 
feSC^W^Lk 0. 5~5SS%TfeSC^*U 
D Lv\ M^M©tt4t*^ 0.01 

±fHif!^©^Wi#ii:wnft<, mm, ^y 
7Et, t/ux«, m mmmm^mmm 
iL^xmut^^tifx^^o 

[0 0 2 7] $/c, ±|B^aH^UXtt^^K^fc« 

mm/xmmmm mm^ufym, 
mm, rm-frmht-h, rh^ry^ 
yu, rjiz^yvm *%^x^&®%^im, tm 
m, umm, yty^mm^m^^^x^mmm 

xmmm c tmmx&ztK mw/mmwo 9 
9/1016 1 ^&mzum<oim?mftm^rcfflm 

©SlW^ffll^ L^a^ Tm^M^ lOnmK 
T (#KffSt<ttlnmJKT) 

7j<^^S*UD§Mt^±tSfS^^feSo HK^ ± 

Rtf/Xtt> 7j<^t L < tt-KffcKJRt, L < 

^x(DWjxsm^mt^hi)m^h\\ c©i?%§M 

MS, !7Ma©£mi#fc»£ft&v^ W*tf3 
5 0- 1 0 0 0 0 C(DUMX 1-10 fflMtS^^ 

[0028] m^mit^mmft^mz^z^ 
« » > ±t s©if ^S7km{t:ti7k^i i: mum 

(Dmm^2ftX^x$>£<, C<D£?rM#£LX 
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usjsfc^jste&tfx mm, co 2 , Ar^) nmfbti 
m, mmmm^ m, m, mm, mm, m 

ltMfefo$(D7>\/% V <fc D ^S©^gsjFf § c fctfW 

M<&3fgft£&3©l?&3^<Plf LfdS?aUl\ 
[0 0 2 9] O^TkJR^lffcf^fre***^** 
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* [0 0 3 0] 

[0031] gjj 1 ~ 7 tmm 1 ~ 5 

s 1 ^tnmmmimMimm 5 m 1 mm 1 

0 0m 1 ©Hfc75X3fciSi&fc& g 1 iL^tU&f 
: 6071-4) t&fr^Xtfa-W h©7j< 



0t«L<, 1 0-8 OT^UD^Ux, Sfifi 10 ffi^lfciD^©r B !©7j<^^S^i6/co IStiDtl 



[0 0 3 2] 
[Hi] 











[ml](fflJt,B*ra> 


NaBH 4 
[M%] 


NaOH 




H 2 0/NaBH, 

[fifth:] 




20 


3 


72 


3.6 


11 (SCftMlSIBfc) 




30 


7 


63 


2.1 


0 (50% f iooiMHfc) 




40 


6 


54 


1.35 


0 (50^,1 OOHftfflft} 


36HEM3 


50 


5 


45 


0.9 


o<50°c,iooB#ra») 


ttR#J2 


30 


0 


70 


2.33 


97 (22°C,3#ffc) 


J±®#J3 


30 


0.0028 


69.997 


2.33 


240 <50 D C,30#&) 


J±««4 


30 


0.28 


69.72 


Z32 


3 (50ti I 30#ft) 




30 


2.8 


67,2 


2.24 


5 C50 o C,100P*ra^) 


*S£014 


30 


3.5 


66.5 


2.22 


0<50°C P 100»|IH») 




30 


21 


49 


1.63 


0(50°C r 100^M^) 




30 


35 


35 


1.17 


0(50 D C T 100B#nJ]&) 


Hlfcfl*7 


5D 


2.5 


47.5 


0.95 


0(5O a C.t00^rHiafe) 



[0033] mu^Lfcmm^m^frKko^, 
u ©^r*# 2 . 5 m&%&,±.tt%*mnm^M7\c 

[0 0 3 4] 



40 



7j<^l^S^fgft*LTl^^mi^fe^T^©7j<?§r« 

fct, *^©§g£S7j<ig»j<^©££fc77& 



(72)%0M Mp 

M^®M^SX#iBj^?g)i?ttl411 
«©1 ftS£*±gffl**W^P7Tft 



(72)^# # gift 



(6) 
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